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SUMMARY 
THE OBJECT OF THIS RESEARCH WAS TO FIND THE CAUSE OR CAUSES OF 
THE CRACKING THAT COMMONLY OCCURS DURING THE CURING PERIOD OF SOIL-CEMENT 
BASES. 
BASED ON THEORY AND EXPERIENCE, A NUMBER OF CAUSES WERE POSTULATED! 
EXPANSIVE CLAY, MOISTURE AND CEMENT CONTENTS, AND TEMPERATURE DIFFERENT­
IAL EXISTING IN THE SOIL-CEMENT MIXTURE. IN ORDER TO PROVE OR DISPROVE 
THESE ASSUMPTIONS, TWO DISTINCT TESTS WERE DEVISED. 
TEST NO. I WAS DESIGNED TO DISCOVER WHETHER A RELATIONSHIP EXISTED 
BETWEEN CLAY CONTENT, MOISTURE AND CEMENT CONTENTS, AND CRACKING. THE 
PROCEDURE WAS TO HOLD ONE CONTENT CONSTANT AND VARY THE REMAINING CONTENTS 
IN SEQUENCE. THIS METHOD PROCEEDED IN A MANNER SIMILAR TO ITERATION. 
TEST NO. II WAS DESIGNED TO DISCOVER WHETHER A RELATIONSHIP EXIS­
TED BETWEEN TEMPERATURE VARIATION AND CRACKING DURING THE EARLY CURING 
PERIOD. THIS TEST UTILIZED SPECIMENS SIMILAR TO THOSE USED IN TEST NO. 
I WHICH WERE SUBJECTED TO A 70 DEG. F. TEMPERATURE DIFFERENTIAL ACROSS 
THE SIX-INCH DEEP SPECIMEN, I.E., THE UPPER SURFACE WAS HELD AT 140 DEG, 
F. WHILE THE BOTTOM WAS HELD AT 70 DEG. F. 
IN ORDER TO FACILITATE THE TESTING PROCEDURES, TWO TESTING APPA­
RATUSES WERE DEVISED, AN AUTOMATIC COMPACTOR WHICH MOLDED A RECTANGULAR 
SPECIMEN AND A TEMPERATURE DIFFERENTIAL BOX WHICH INDUCED A TEMPERATURE 
DIFFERENTIAL IN THE SPECIMEN. 
PILOT STUDIES WERE PERFORMED ON CURING METHODS, "SPEEDY*' MOISTURE 
DETERMINATIONS, WATER RETENTION AND AUTOGENOUS SHRINKAGE OF TYPE I PORT-
v i i i 
l a n d c e m e n t a n d v o l u m e c h a n g e c h a r a c t e r i s t i c s o f t h e f o u r d i f f e r e n t s o i l s 
t o be u s e d i n t h e t e s t s . 
S o m e o f t h e m o r e s i g n i f i c a n t r e s u l t s w e r e t h e d i s c o v e r y t h a t c e ­
m e n t c o n t e n t i s n o t a s i n g l e f a c t o r i n p r o d u c i n g c r a c k i n g , a n d t h a t t e m ­
p e r a t u r e d i f f e r e n t i a l e x i s t i n g i n t h e b a s e h e l p e d a c c e l e r a t e c r a c k i n g . 
O t h e r r e s u l t s s h o w e d t h e t y p e s o i l , e i t h e r f r i a b l e o r c l a y e y , w i t h a 
v a r i a n c e o f t h e m o i s t u r e c o n t e n t , a b o v e o r b e l o w o p t i m u m , c o u l d b e e i t h e r 
b e n e f i c i a l o r d e t r i m e n t a l t o t h e d u r a b i l i t y a n d c r a c k i n g o f t h e s o i l -
c e m e n t m i x t u r e s . I t w a s a l s o f o u n d t h a t c e r t a i n t y p e s o i l s a r e m o r e s u s ­
c e p t i b l e t o c r a c k i n g t h a n o t h e r s a n d t h e r e b y r e c o m m e n d e d t h a t p r e s c r i b e d 
t e s t s b e p e r f o r m e d o n p o t e n t i a l s o i l s t o b e u s e d i n s o i l - c e m e n t c o n s t r u c ­





ONE RESULT OF THE DEMAND FOR ECONOMICAL ROAD CONSTRUCTION IS SOIL 
s t a b i l i z a t i o n . MECHANICAL SOIL STABILIZATION AS APPLIED TO ROAD BUILD­
ING IS THE PROPER COMBINATION OR ADJUSTMENT OF SOIL FINES WITH THE COARSE 
MATERIAL TO PRODUCE A MIXTURE USING LOCAL MATERIALS THAT WILL BE STABLE 
1* 
UNDER ADVERSE WEATHER AND TRAFFIC CONDITIONS. THROUGH RESEARCH AND 
EXPERIMENTS, CERTAIN ADDITIVES HAVE PROVEN ECONOMICAL AND ADVANTAGEOUS 
TO THE SOIL STRUCTURE ITSELF. SOME OF THE ADDITIVES MORE COMMONLY USED 
ARE CALCIUM CHLORIDE WHICH ACTS AS A SOIL FLOCCULANT, FLY ASH WHICH PRO­
DUCES A POZZOLANIC REACTION IN SOME SOILS, PORTLAND CEMENT WHICH RESULTS 
IN A STRONG CEMENTING ACTION, AND LIQUID ASPHALT WHICH IS A GOOD WATER­
PROOFING AGENT AS WELL AS A CEMENTING AGENT FOR THE SOIL. THE MOST 
COMMONLY USED IS PORTLAND CEMENT, PRODUCING A MIXTURE BETTER KNOWN AS 
SOIL-CEMENT.̂  
CONCURRENTLY WITH THE DEVELOPMENT OF SOIL-CEMENT BASES, ECONOMICAL 
AND TECHNICAL PROBLEMS DEVELOPED. THE MAJOR TECHNICAL PROBLEM IS THE 
DEVELOPMENT OF LARGE SHRINKAGE CRACKS DURING THE HARDENING PROCESS. 
THESE CRACKS CAUSE WEAK PLANES IN THE BASE WHICH PERMIT WATER TO ENTER 
MORE READILY INTO THE SUBGRADE, THEREBY WEAKENING THE TOTAL STRUCTURE. 
A SOLUTION, TO A GREAT EXTENT, HAS BEEN IN REDUCING THE CEMENT-CONTENT 
* REFER TO BIBLIOGRAPHY FOR NUMBERS. 
2 
from 10 t o 12 per c e n t so as t o have p r e s e n t in the s o i l o n l y 3 t o 4 per 
3 
c e n t cement c o n t e n t . The r e s u l t i n g cemen t - t r e a t ed base i s weaker and 
d e v e l o p s more shr inkage c r a c k s a t c l o s e r I n t e r v a l s , but the i n d i v i d u a l 
c r a c k s are s m a l l e r and can be c o r r e c t e d e f f e c t i v e l y w i th a l i q u i d a spha l t 
c o a t p r i o r t o p lacement o f the s u r f a c e c o u r s e . Th i s c o r r e c t i o n i s a l s o 
a tremendous h e l p e c o n o m i c a l l y . 
Shrinkage c r a c k s are p r o b a b l y caused by o t h e r f a c t o r s than cement 
c o n t e n t r a t i o , as f o r In s t ance by the amount o f expans ive c l a y p re sen t 
i n the s o i l and by improper c u r i n g . Shrinkage i n c r e a s e s wi th i n c r e a s i n g 
expans ive c l a y c o n t e n t o f the s o i l . A m a j o r i t y o f t he se c r a c k s extend 
i n t o the s o i l - c e m e n t o n l y one t o t h r ee i n c h e s w i th f u l l wid th b e i n g f i v e 
4 
f e e t o r more a p a r t . These' c r a c k s can be a p p r e c i a b l y reduced by r e p l a c i n g 
a p o r t i o n o f the Po r t l and cement w i t h f l y a s h . From t h i s a d d i t i o n however , 
t he r e would be a d e f i n i t e d e c r e a s e in s t r e n g t h , depending on s o i l t e x -
t u r e . S o i l t e x t u r e has a d e f i n i t e e f f e c t on the b e n e f i t s o f us ing f l y a s h 
as an a d d i t i v e i n s o i l - c e m e n t . There i s a c o m p r e s s i v e s t r eng th l o s s In 
p l a s t i c l o e s s ( 4 1 » 8 per c e n t 5 micron c l a y ) and a l l u v i a l c l a y ( 7 4 . 3 per 
c e n t 5 micron c l a y ) but a r e d u c t i o n i n shr inkage c r a c k i n g . The b e s t 
s t r e n g t h g a i n s due t o p o z z o l a n i c r e a c t i o n , from which f l y a s h d e r i v e s i t s 
s t r e n g t h , appear In sands , due p r o b a b l y t o I t s low c l a y c o n t e n t . 
I t can be c o n c l u d e d from the above s ta tements tha t i f the re e x ­
i s t e d in the s o i l - c e m e n t a h igh sand c o n t e n t and low c l a y c o n t e n t , t he r e 
would no t e x i s t s u f f i c i e n t j u s t i f i c a t i o n f o r the a d d i t i o n o f f l y a s h f o r 
shr inkage r e d u c t i o n p u r p o s e s . S u f f i c i e n t j u s t i f i c a t i o n would e x i s t how-
a v e r , f o r the us ing o f f l y a s h f o r e c o n o m i c a l r e d u c t i o n o f the cement 
c o n t e n t . 
3 
The type of soil is the most important single factor affecting 
the quality of soil-cement. If the soil is unsuitable, e.g., a very fat 
clay or highly organic, little can be done at the present time to make 
the resulting soil-cement satisfactory economically. In general, ex­
perience has shown that soils meeting the following conditions can be 
hardened effectively through the addition of reasonable amounts of 
5, 6 
cement s 
Per cent finer than 0.002 mm less than 35 per cent 
Per cent passing No. 4 sieve (4.76 mm) greater than 55 per cent 
Maximum size not greater than 3 inches 
Liquid limit less than 50 per cent 
Plasticity index less than 25 per cent 
g 
Although the Portland Cement Association has found that soils 
of the same texture, horizon, and series require the same cement treat-
5 
ment, investigations by Maclean have indicated that the nature of the 
action associated with the clay, as well as the type of clay mineral, 
Influences the response of a soil to cement stabilization. He found 
that calcium clays were the most easily stabilized, whereas sodium and 
hydrogen clays were more difficult. The addition of hydrated lime to 
sodium and hydrogen clays in order to convert them to the calcium form 
has resulted in satisfactory soil-cement. Experience has shown that 
soils composed of the non-expansive clay minerals are more suitable for 
cement stabilization than soils composed of the expanding lattice-type 
minerals, such as kaolinite. Thus a knowledge of pedological soil clas­
sification systems and mineralogy is helpful when considering soil-cement 
stabilization. 
A 
A detailed study of the effect of organic matter on soil-cement 
. 9 
was undertaken by Clare and Sherwood. They found that organic compounds 
with high molecular weights, such as cellulose, starch, and lignin, did 
not effect strength, while those of lower molecular weights, such as 
nucleic acid and dextrose, acted as hydration retarders and resulted in 
10 
lower strengths. 
Improper curing is a problem created largely by negligence. If 
the design water content is not properly retained after placement, im­
proper hydration results. Numerous methods of curing have been proven 
effective. 
Although the large shrinkage cracks can be controlled to a great 
extent the direct effects from the smaller cracks and weakened base on 
the subgrade have not been determined. The effects of the surface cracks 
have been determined to some extent. 
Actual experiments have shown that when the soil-cement cracks 
after the bituminous surface has been" placed, the effects on the surface 
are small and will most probably be sealed by the traffic. Also, if 
cracks occur before the placement of the bituminous surface, which is 
normally the case, the bituminous mix itself will fill and seal the 
4 
cracks. The sealing of these cracks has a tremendous influence on the 
service life of the soil-cement because sealing prevents water infil­
tration. Water permitted to filter down along the cracks will not 
materially weaken the soil-cement itself; however, if the cracks protrude 
completely through the soil-cement base then water will be able to filter 
to the subgrade and consequently may dampen and weaken it. 1 1 
Scope of Experiment 
The objective of this research is to determine how certain factors 
affect cracking in soil-cement with emphasis being placed on cracking 
that occurs at an early age (during the curing period). 
For the purpose of experimentation, some assumptions were made. 
The first assumption was that most cracking in soil-cement mixture can 
be attributed to the clay that is present in the soils, that is if the 
clay is an expansive clay, then the resulting mixture will retain some 
of the clay's expansive characteristics. Other assumptions were that 
moisture content, cement content, and temperature differential (temper­
ature gradient in the base) were factors in cracking. 
Based on these assumptions, two different tests were devised. 
These tests were designated as Test No. I and Test No. II. Test No. I 
was designed to find if a relationship existed between clay, moisture con­
tent and cement content, and cracking. Test No. II was designed to find 
if a relationship existed between temperature differential and cracking. 
6 
CHAPTER II 
DESCRIPTION OF MATERIALS AND TESTING EQUIPMENT 
SOILS 
FOUR DIFFERENT SOILS WERE USED IN THIS EXPERIMENT AND DESIGNATED 
AS SOIL A, SOIL B, SOIL C, AND SOIL P. ALL OF THESE SOILS WERE RESIDUAL 
AND OBTAINED FROM THE B HORIZON EXCEPT SOIL D, WHICH WAS OBTAINED FROM 
THE A HORIZON. 
SOIL A, A WELL-GRADED, DARK RED, SANDY LOAM SOIL, WAS OBTAINED 
FROM BARTOW COUNTY. SOIL A WAS USED IN THE CEMENT STABILIZED BASE ON 
U. S. 411 BETWEEN ROME AND CARTERSVILLE, GEORGIA. 
SOIL B, A WELL-GRADED, BROWNISH YELLOW, SANDY CLAY LOAM SOIL, WAS 
ALSO OBTAINED FROM BARTOW COUNTY. THIS SOIL WAS USED AS THE SUB-BASE 
FOR THE ABOVE-MENTIONED PROJECT. 
SOIL C, A WELL-GRADED, LIGHT RED SAND LOAM SOIL WAS OBTAINED FROM 
FULTON COUNTY. 
SOIL D IS A WELL-GRADED, BROWNISH GRAY, SANDY LOAM SOIL OBTAINED 
FROM DOUGLAS COUNTY. THIS SOIL IS A FAVORITE SOIL USED IN SOIL-CEMENT 
BOUND MACADAM IN THE STATE OF GEORGIA. 
PHYSICAL TESTS 
AFTER SECURING THE SOILS, ONLY THOSE PORTIONS PASSING A NO. 4 
UNITED STATES STANDARD SIEVE WERE PLACED IN CONTAINERS FOR USE IN THE 
EXPERIMENT. 
THE FOLLOWING STANDARD TESTS WERE PERFORMED ON EACH OF THE FOUR 
1 
s o i l s f o r i d e n t i f i c a t i o n and c l a s s i f i c a t i o n : 
1. Grain s i z e a n a l y s i s as s p e c i f i e d in AA5H0 D e s i g n a t i o n T 8 8 - 5 7 . 
2 . P l a s t i c l i m i t as s p e c i f i e d in AASHO D e s i g n a t i o n T 9 0 - 5 6 . 
3 . L i q u i d l i m i t as s p e c i f i e d in AASHO D e s i g n a t i o n T 8 9 - 6 0 , 
4 . S p e c i f i c g r a v i t y as s p e c i f i e d by AASHO D e s i g n a t i o n T 1 8 0 - 5 7 , 
5 . Volume change as s p e c i f i e d by G.H.D. - 8 0 0 , 0 9 . 
Tabular r e s u l t s o f t he se p h y s i c a l t e s t s are g i v e n in Table 1, 
Admixtures 
The o n l y admixture used i n t h i s exper iment was Type I Por t l and 
cement . The chemica l c o m p o s i t i o n o f t h i s admixture i s g i v e n in Table 2 . 
Tes t i ng Equipment 
Mixing Equipment 
The s o i l , cement , and wate r needed f o r the 6 i n . x 6 i n . x 18 i n . 
specimens were b l ended wi th a Read Standard Grant mixer equipped wi th a 
hook b l a d e . The mix ture was b lended a t a speed o f 125 r e v o l u t i o n s per 
minu te . Mixer i s shown in F i g . 1. 
The mix ture needed f o r mo i s tu r e d e n s i t y specimens was b lended 
w i t h a Hobart C-100 mixer equ ipped w i t h a f l a t b l a d e . Mixer speed was 
144 r e v o l u t i o n s per minu te . 
Compact ion Equipment 
The 6 i n . x 6 i n . x 18 i n . specimens were compacted w i t h a mod i ­
f i e d Rainhart mechanica l compac tor equipped w i t h an 11 pound 1 In . x 
5 - 7 / 8 i n . r e c t a n g u l a r - f a c e d hammer. 
Th is compac tor was c a l i b r a t e d t o the Standard P r o c t o r . The 
number o f b lows r e q u i r e d per l a y e r was f i r s t computed from energy 
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T a b l e 1 . Properties of S o i l s 
SPECIMEN NO. A B C D 
% PASSING U. S. 
STANDARD SIEVE NO. 
A 100.0 100.0 100.0 100.0 
10 99.6 85.2 99.0 95.8 
40 88.2 60.8 83.0 62.6 
60 72.1 51.6 74.0 52.4 
100 45.2 43.2 62.0 42.5 
200 36.7 41.4 52.0 36.7 
% SAND 70 62 59 69 
% SILT 24 1 4 25 L6 
CLAY 6 24 J 6 L5 
LIQUID LIMIT 20.7 23,0 27.0 14.7 
PLASTIC LIMIT 18.0 14.2 11.0 13.5 
PLASTICITY INDEX 2.7 8.8 16.0 1.2 
SPECIFIC GRAVITY 2.71 2.76 2,71 2.67 
YO VOLUME CHANGE 
GA. HWY. DEPT. 3.5 7.3 12.9 1.7 
ART. 800.09 
GA. HWY. DEPT. A-L C HE^ 1-A 
CLASSIFICATION SUBGRADE SUBGRADE EMBANKMENT EMBANKMENT 
AASHO CLASSIFICATION A-4(0) A-4(1) A-6(6) A-4(0) 
LOCATION (GA. COUNTY) BARTOW BARTOW FULTON DOUGLAS 
T a b l e 2. P o r t l a n d Cement A n a l y s i s 
C h e m i c a l C o m p o s i t i o n , $ 
S i l i c o n d i o x i d e , S i O g 20.46 
F e r r i c o x i d e , F e p O 
Aluminum o x i d e , A l p O _ 
2.44 
5.90 
S u l p h u r t r i o x i d e , SO^ 2.08 
C a l c i u m o x i d e , CaO 62.87 
M a g n e s i u m o x i d e , MgO 4.18 
I n s o l u b l e r e s i d u e 0.30 
L o s s o n i g n i t i o n " 1.38 
S p e c i f i c s u r f a c e a r e a , 
B l a i n e ( s q . cm/gm) 3464 
Figure 1. Read S t a n d a r d G r a n t M i x e r . 
11 
e q u a t i o n s w i th the r e s u l t a n t number be ing 125 b l o w s . A f t e r compact ing 
s e v e r a l spec imens , i t was found tha t 123 blows per l a y e r produced the 
same d e n s i t i e s as the s tandard P r o c t o r e n e r g y . The s o i l used f o r t h i s 
c a l i b r a t i o n was S o i l D. Each o f t h r e e 2 i n . l a y e r s o f the specimen r e ­
c e i v e d 123 blows from a h e i g h t o f 12 i n . above the s u r f a c e o f the s o i l . 
Th i s compac to r i s shown in F i g . 2 . A d e t a i l e d drawing o f the mold i s 
p re sen ted in F i g . 3 . 
The mo i s tu re d e n s i t y samples were compacted wi th equipment as 
r e q u i r e d f o r Standard P r o c t o r compac tor t e s t , AASHO Des igna t i on T - 9 9 - 5 7 . 
Temperature D i f f e r e n t i a l Equipment 
Samples t o be s u b j e c t e d t o a temperature d i f f e r e n t i a l were p l a c e d 
in the appara tus , shown in F i g s . 4 and 5 . E igh t 250 wa t t b u l b s main­
t a i n e d the t o p h a l f o f the sample at 140 d e g . F . , w h i l e water c i r c u l a t ­
ing through shee t metal forms mainta ined the lower h a l f a t app rox ima te ly 
70 d e g . F. 
Figure 2. Modified Hainhart Mechanical Compactor. 
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WATER RETENTION AND AUTOGENOUS SHRINKAGE PROPERTIES OF TYPE I PORTLAND 
CEMENT 
A THOROUGH STUDY WAS MADE ON THE WATER RETENTION PROPERTIES AND 
AUTOGENOUS WEIGHT CHANGE IN THE PASTE OF TYPE I PORTLAND CEMENT. AUTO­
GENOUS WEIGHT CHANGE IS THE LOSS OF WEIGHT IN A PORTLAND CEMENT PASTE 
DURING THE HYDRATION DUE TO THE CHEMICAL REACTION HEAT LOSS. THIS STUDY 
WAS PERFORMED IN THE FOLLOWING MANNER: 
1. HOLD THE CEMENT CONSTANT AT 200 GRAMS AND VARY THE WATER FROM 
50 GRAMS IN INCREMENTS OF 10 GRAMS TO 200 GRAMS, A TOTAL OF 15 DIFFERENT 
COMBINATIONS BEING OBTAINED. 
2. VIGOROUSLY MIX EACH SAMPLE 90 SECONDS, THEN AFTER MIXING, 
3. SEAL THE CONTAINER TO PREVENT ANY WATER FROM EVAPORATING. 
4. ALLOW TO CURE AT CONSTANT TEMPERATURE. 
5. WEIGH EACH SAMPLE AT 7, 28, AND 60 DAYS AND RECORD WEIGHTS. 
6. AFTER A 60-DAY CURING PERIOD, REMOVE SEALS, PLACE IN OVEN AT 
110 DEG. C. FOR A PERIOD OF SEVEN DAYS AND RECORD FINAL WEIGHTS. 
IT WAS FOUND THAT THE AUTOGENOUS WEIGHT CHANGE DURING THE 60-DAY 
PERIOD WAS EQUAL TO ABOVE 0.25 PER CENT OF THE WEIGHT OF THE CEMENT. 
THESE VALUES ARE SHOWN IN TABLE 3. AN INTERESTING POINT TO NOTE HERE IS 
THAT THERE WAS NOT ANY SIGNIFICANT DIFFERENCE IN WEIGHT LOSS BETWEEN THE 
DIFFERENT WATER CEMENT-RATIOS, 
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TABLE 3 . WATER RETENTION PROPERTIES OF 
TYPE I PORTLAND CEMENT 
CAN NO. INITIAL WATER-CEMENT PER CENT WT. TOTAL WT. OF PERCENT 
WT. OF RATIO-(W/C) LOSS AFTER WATER RETAINED WATER RE-
CEMENT 60 DAY CURE AFTER ENTIRE TAINED 
+H 20 TEST (GM) AFTER EN­
TIRE TEST (GM) 
1 250 0 .25 0 . 4 0 2 3 . 5 4 7 . 0 
2 260 0 . 3 0 0 .38 2 7 , 6 4 6 . 0 
3 270 0 .35 0 .26 3 0 . 2 43 .1 
4 280 0 . 4 0 0 .29 3 2 . 9 41 .1 
5 290 0 . 4 5 0 .34 33 .1 36 .8 
6 300 0 . 5 0 0 . 2 3 3 4 . 7 3 4 . 7 
310 0 . 5 5 0 .26 3 4 . 9 3 1 . 7 
CO 320 0 . 6 0 . 0 . 2 5 3 5 . 4 2 9 . 5 
330 0 . 6 5 0 .24 3 7 . 0 2 8 . 5 
340 0 . 7 0 0 .24 3 5 . 7 2 5 . 5 
11 350 0 . 7 5 0 . 2 0 3 4 , 6 23 .1 
1 < 360 0 . 8 0 0 . 3 0 3 6 . 6 2 2 . 9 
13 370 0 . 8 5 0 .24 3 6 . 7 2 1 . 6 
380 0 . 9 0 0 .21 36 .1 20 .1 
L5 390 0 . 9 5 0 .15 3 6 . 5 1 9 . 2 
LG 400 1.00 0 .25 3 6 . 3 1 8 . 2 
I n d e t e r m i n i n g t h e w a t e r r e t e n t i o n p r o p e r t i e s o f t h e T y p e I P o r t ­
l a n d c e m e n t , i t was f o u n d t h a t t h e l o w w a t e r - c e m e n t r a t i o s r e t a i n e d 
l i t t l e w a t e r , b u t as t h e w a t e r - c e m e n t r a t i o i n c r e a s e d t h e w a t e r r e t e n t i o n 
a l s o i n c r e a s e d . T h i s i n c r e a s e i n w a t e r r e t e n t i o n c o n t i n u e d u n t i l t h e 
w a t e r - c e m e n t r a t i o was a b o u t 0 . 5 . A t t h i s p o i n t t h e w a t e r r e t e n t i o n , 
w h i c h was a b o u t 36 g r a m s , r e m a i n e d c o n s t a n t f o r t h e r e m a i n i n g l a r g e r w a t e r 
cement r a t i o s . T h e s e v a l u e s a r e g i v e n i n T a b l e 3 and g r a p h s p l o t t e d f r o m 
t h e s e v a l u e s a r e shown i n F i g s , 6 and 7 . 
V o l u m e Change 
A s t u d y was made o f T y p e I P o r t l a n d c e m e n t , S o i l A , S o i l B , S o i l 
C , and S o i l D v o l u m e change c h a r a c t e r i s t i c s due t o t h e l o s s o f e v a p o r a b l e 
w a t e r f r o m t h e s p e c i m e n s . T h i s v o l u m e c h a n g e was d e t e r m i n e d b y t h e 
G e o r g i a S t a t e H i g h w a y v o l u m e change m e t h o d N o . 8 0 0 . 0 9 . T h i s method e n ­
t a i l e d making t w o i d e n t i c a l s p e c i m e n s o f each s o i l , p l a c i n g one s p e c i m e n 
i n a w a t e r b a t h and t h e o t h e r i n an o v e n a t 110 d e g . C . f o r a 2 4 - h o u r 
p e r i o d . A f t e r t h i s t i m e i n t e r v a l t h e t o t a l v o l u m e d i f f e r e n c e b e t w e e n t h e 
r e s p e c t i v e s p e c i m e n s was r e c o r d e d as p e r c e n t v o l u m e c h a n g e w i t h r e s p e c t 
t o t h e i n i t i a l v o l u m e , e . g . , d i f f e r e n c e b e t w e e n s w e l l and s h r i n k a g e at 
z e r o l o a d . 
Due t o t h e s m a l l s i z e o f t h e s p e c i m e n u s e d , t h e v o l u m e c h a n g e r e ­
c o r d e d f o r t h e T y p e I cement was n o t s i g n i f i c a n t . T h e v o l u m e c h a n g e s 
r e c o r d e d f o r t h e f o u r s o i l s a r e shown i n T a b l e 1 and t h e a p p a r a t u s u s e d 
f o r t h i s t e s t i s shown i n F i g . 8. 
C o r r e l a t i o n o f t h e " S p e e d y " M o i s t u r e D e t e r m i n a t i o n Method 
T h i s s t u d y was made t o d e t e r m i n e t h e c o r r e l a t i o n o f t h e " S p e e d y " 
J r 
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Figure 6 . Water Retained Vs. Water Added to 200 Grams 
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Section A-A 
Figure 8 . Volume Change Apparatus . 
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MOISTURE TESTER, MANUFACTURED BY THE ALPHA LUX COMPANY, INC., TO THE 
ACTUAL MOISTURE CONTENT BY THE OVEN DRY METHOD, FOR THE FOUR SOILS USED 
IN THIS EXPERIMENT. CALIBRATION CURVES WERE PLOTTED FROM THIS DATA IN 
TABLE 4 AND ARE SHOWN IN FIGS. 9, 10, 11 AND 12. THIS CALIBRATION PER­
MITTED MORE ACCURATE HYDROSCOPIC MOISTURE DETERMINATIONS TO BE MADE FOR 
THE UNDRIED SOILS PRIOR TO MIXING, UTILIZING A SMALL SAMPLE. 
SPECIMEN SIZE AND MOLD MAKE-UP 
SPECIMEN AND MOLD SIZE WAS RECTANGULAR SHAPED WITH DIMENSIONS OF 
6 IN. X 6 IN. X 18 IN. THE MOLD IS CONSTRUCTED OF 6 IN. CHANNEL IRON 
WITH A 3 IN. X 3 IN. ANGLE IRON BEING USED FOR THE SLEEVE. THIS MOLD IS 
SHOWN IN FIG. 3. 
RELATIONSHIP OF OPTIMUM MOISTURE CONTENT TO VARIOUS 
CEMENT CONTENTS 
THIS STUDY WAS MADE TO DETERMINE WHAT RELATIONSHIP THE OPTIMUM 
MOISTURE CONTENT WOULD BE FOR DIFFERENT SOILS WITH VARIOUS CEMENT CON­
TENTS, I.E., WHAT EFFECT THE DIFFERENT CEMENT CONTENTS WOULD HAVE ON THE 
OPTIMUM MOISTURE AND DENSITY OF THE SOILS. MOISTURE DENSITY RELATIONSHIPS 
AS DESIGNATED BY AASHO METHOD T99 WERE OBTAINED ON SOILS A, B, C, AND D 
AND WITH EACH HAVING AN 11 AND 22 PER CENT CEMENT CONTENT. IT WAS FOUND 
THAT ONLY ONE SOIL, SOIL C, SHOWED ANY SIGNIFICANT CHANGE WHICH WAS AN 
INCREASE IN DENSITY OF ABOUT 3-J LBS. THE REASON FOR THIS CHANGE IS 
ATTRIBUTED TO THE LIGHT WEIGHT OF SOIL C. RESULTS OF THIS STUDY ARE SHOWN 
IN FIGS. 13 - 16. 
CURING OF SPECIMEN 
THE OBJECTIVE OF THIS STUDY WAS TO DEVELOP A CURING PROCESS THAT 
2 2 
T A B L E 4 . " S P E E D Y " M O I S T U R E D E T E R M I N A T I O N C O R R E L A T I O N 
W I T H S O I L S A , B , C A N D D 
S O I L " A " S O I L " B 1 1 S O I L " C " S O I L 
" S P E E D Y " A C T U A L " S P E E D Y " A C T U A L " S P E E D Y " A C T U A L " S P E E D Y " A C T U A L 
0 . 8 1 . 3 0 . 6 1 . 0 6 . 2 7 . 2 6 . 0 6 . 6 
0 . 8 1 . 4 0 . 8 1 . 0 5 , 5 6 . 5 6 . 8 7 . 0 
0 . 8 1 . 3 0 . 6 1 . 0 5 . 8 6 . 8 7 . 6 7 . 8 
3 . 0 4 . 0 0 . 6 1 . 1 6 . 0 6 . 5 8 . 2 8 . 1 
4 . 1 5 . 1 0 . 6 1 . 1 4 . 8 5 . 8 6 . 0 6 . 6 
1 . 2 1 . 7 1 . 0 1 . 4 4 , 9 5 . 7 1 . 3 1 . 8 
4 . 5 5 . 2 1 . 0 1 . 4 4 , 8 6 . 4 1 . 8 2 . 2 
5 . 3 6 . 1 1 . 0 1 . 5 1 3 , 2 1 3 . 3 7 . 4 7 . 8 
5 . 5 5 . 9 3 . 2 4 . 0 1 3 . 3 1 3 . 7 2 . 1 2 . 7 
3 . 3 4 . 1 3 . 2 3 . 9 1 4 . 0 1 4 . 9 8 . 0 7 . 8 
4 . 0 4 . 5 2 . 5 3 . 4 1 2 . 0 1 3 . 3 2 . 0 2 . 7 
4 . 8 5 . 3 2 . 1 3 . 0 1 3 . 5 1 4 . 0 6 . 2 6 . 6 
6 . 0 6 . 4 1 . 4 2 . 0 1 4 . 1 1 5 . 6 7 . 5 7 . 5 
7 . 1 7 . 1 1 . 0 1 . 4 1 5 . 6 1 5 . 8 1 . 5 1 . 8 
6 . 5 7 . 2 0 . 7 1 . 0 1 5 . 0 1 6 . 0 7 . 4 8 . 1 
0 . 7 0 . 8 1 5 . 4 1 6 . 5 2 . 0 2 . 0 
0 . 7 0 . 8 6 . 4 7 . 4 7 . 7 8 . 6 
0 . 7 0 . 8 6 . 4 7 . 4 7 . 7 8 . 6 
6 . 1 7 . 1 1 . 8 2 . 1 
6 . 2 6 . 9 5 . 5 6 . 6 
Fig .10 . "Speedy Cal ibrat ion f o r S o i l B 
Fig. 12. "Speedy" Calibration for Soil D 
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F i g u r e 13. M o i s t u r e - D e n s i t y R e l a t i o n s h i p S o i l A . 
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2 : 
Figure 16. Moisture-Density Relationship Soil D. 
w o u l d be as n e a r i d e a l as p o s s i b l e t o p e r m i t t h e s p e c i m e n t o be a c c e s ­
s i b l e f o r n u m e r o u s o b s e r v a t i o n s , and show a n y c r a c k s t h a t may d e v e l o p . 
S e v e r a l m e t h o d s w e r e t r i e d : c o a t i n g t h e e n t i r e s p e c i m e n w i t h a 
t h i n c o a t i n g o f R C - 3 ( r a p i d c u r i n g , G r a d e 3 , c u t b a c k a s p h a l t ) , p l a c i n g 
t h e s p e c i m e n i n p l a s t i c f r e e z e r b a g s , and w r a p p i n g t h e s p e c i m e n w i t h a 
t i g h t - f i t t i n g s a r a n w r a p . T h e R C - 3 c o a t i n g was t o o t i m e - c o n s u m i n g and 
w o u l d n o t p r o d u c e t h e p r o p e r w a t e r r e t e n t i o n i n t h e s p e c i m e n . The 
p l a s t i c f r e e z e r b a g s w e r e t o o l o o s e f i t t i n g , r e s u l t i n g i n p o o r o b s e r v a t i o n 
o f t h e s p e c i m e n . T h e s a r a n w r a p , w h i c h was s e l e c t e d f o r t h i s e x p e r i m e n t , 
k e p t t h e m o i s t u r e c o n t e n t c o n s t a n t i n t h e s p e c i m e n , i n v o l v e d a minimum o f 
t i m e i n p l a c i n g and due t o i t s c l e a r , g l a s s - l i k e and t i g h t - f i t t i n g p r o ­
p e r t i e s , p e r m i t t e d e x c e l l e n t o b s e r v a t i o n o f t h e s p e c i m e n . T h i s w r a p p i n g 
p r o c e s s i s shown i n F i g . 17 . M o i s t u r e d e t e r m i n a t i o n made on s p e c i m e n s 
w r a p p e d w i t h s a r a n w r a p showed 100 p e r c e n t m o i s t u r e r e t e n t i o n w i t h i n an 
a c c u r a c y o f 0.01 g r a m s . 




G e n e r a l 
The f a c t o r s s t u d i e d w e r e c l a y c o n t e n t ( b a s e d on s i z e ) p r e s e n t i n 
t h e s o i l , c e m e n t and m o i s t u r e c o n t e n t s ( b a s e d on w e i g h t ) , c u r i n g and 
t e m p e r a t u r e d i f f e r e n t i a l e x i s t i n g i n b a s e s . T h e s e f a c t o r s w e r e o b t a i n e d 
f r o m t h e o r e t i c a l and e m p i r i c a l k n o w l e d g e . R e l a t i o n s h i p o f t h e s e f a c t o r s 
t o c r a c k i n g a r e a s f o l l o w s : 
C l a y C o n t e n t P r e s e n t i n t h e S o i l s 
The h i g h e r t h e c l a y c o n t e n t and t y p e o f c l a y a s o i l p o s s e s s e s , 
t h e m o r e t h a t s o i l w o u l d b e h a v e l i k e t h a t c l a y , w h i c h f o r an e x p a n s i v e 
c l a y w o u l d b e l a r g e v o l u m e c h a n g e and a g r e a t a f f i n i t y f o r w a t e r . The 
a b i l i t y o f t h e c l a y p a r t i c l e s t o k e e p t h e w a t e r w i t h i n t h e m s e l v e s w o u l d 
t h e r e b y p r e v e n t s u f f i c i e n t c e m e n t h y d r a t i o n and u p o n t h e l o s s o f w a t e r , 
d u e t o e v a p o r a t i o n , t h e s o i l w o u l d n o t b e s t r o n g e n o u g h t o r e s i s t t h e 
v o l u m e c h a n g e . T h i s c o u l d c a u s e c r a c k i n g . 
Cemen t C o n t e n t 
Due t o t h e a u t o g e n o u s s h r i n k a g e o f T y p e I P o r t l a n d c e m e n t ( t h e 
a c t u a l l o s s o f mass d u e t o t h e c h e m i c a l r e a c t i o n c a u s e d b y t h e i n d u c t i o n 
o f w a t e r t o P o r t l a n d c e m e n t ) , t h e h i g h e r t h e c e m e n t c o n t e n t t h e l a r g e r 
w o u l d b e t h e w e i g h t l o s s w h i c h w o u l d r e s u l t i n c r a c k i n g . 
M o i s t u r e C o n t e n t 
The m o i s t u r e c o n t e n t t h a t w o u l d r e s u l t i n a minimum o f c r a c k i n g 
f o r d i f f e r e n t c o m b i n a t i o n s o f s o i l and P o r t l a n d c e m e n t i s n o t a l w a y s t h e 
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OPTIMUM FOUND BY THE MOISTURE-DENSITY RELATIONSHIP FOR MAXIMUM DENSITY. 
CURING 
THE LOSS OF MOISTURE BY EVAPORATION WILL CAUSE A DECREASE IN VOLUME, 
DUE TO THE STRESS IN THE MASS CAUSED BY CAPILLARY TENSION, WHICH RESULTS 
IN CRACKING. KEEPING THE MOISTURE IN THE SOIL BY PROPER CURING WOULD 
REDUCE EARLY CRACKING AND WOULD PERMIT THE SOIL STRUCTURE TO GAIN SUF­
FICIENT STRENGTH TO RESIST SHRINKAGE FORCES DUE TO SUBSEQUENT DRYING. 
TEMPERATURE DIFFERENTIAL 
THE TEMPERATURE DIFFERENTIAL THAT EXISTS IN FRESHLY PLACED BASES 
IN THE FIELD, WHICH IS AROUND 70 DEG. F. INDUCES STRESSES THAT COULD 
CAUSE CRACKING. THIS COULD BE ATTRIBUTED TO NUMEROUS FACTORS: 
1. ACCELERATED HYDRATION ON THE UPPER SURFACE DUE TO THE HIGH 
TEMPERATURES. 
2. EXPANSION AND CONTRACTION OF THE SOIL RESULTING IN A WARPING 
ACTION. 
3. THE HIGH TEMPERATURES ON THE UPPER SURFACE FORCING THE MOISTURE 
TO A COOLER REGION, THE BOTTOM. 
TEST NUMBER I 
TO FIND THE RELATIONSHIP OF CLAY, MOISTURE, AND CEMENT CONTENTS 
AND CURING THE FOLLOWING TEST PROCEDURE WAS USED: 
1. FOR EACH OF THE FOUR SOILS, TWO SPECIMENS, ONE 3 PER CENT 
BELOW OPTIMUM MOISTURE CONTENT AND ONE 3 PER CENT ABOVE OPTIMUM MOISTURE 
CONTENT, WERE COMPACTED FOR EACH OF 10 DIFFERENT CEMENT CONTENTS. CEMENT 
PERCENTAGES USED WERE 0, 1, 2, 3, 5, 8, 11, 14, 18 AND 22, 
2. AFTER COMPACTION, THE SPECIMENS WERE TRIMMED,' REMOVED FROM 
THE MOLD, AND WRAPPED WITH SARAN WRAP FOR CURING. 
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3 . T H E S P E C I M E N S W E R E T H E N P L A C E D I N C U R I N G R A C K S I N T H E L A B O R ­
A T O R Y A N D O B S E R V E D A T S P E C I F I E D P E R I O D S T O D E T E R M I N E T H E P R E S E N C E O F 
A N D / O R T H E D E V E L O P M E N T O F C R A C K I N G . C O M P A R I S O N O F T H E A M O U N T O F C R A C K I N G 
B E T W E E N D I F F E R E N T S P E C I M E N S W A S M A D E T H R O U G H T H E U S E O F P H O T O G R A P H S . 
4 . T H E S P E C I M E N S W E R E R E T A I N E D I N S I D E T H E L A B O R A T O R Y F O R A P E R I O D 
O F N O T L E S S T H A N F I V E W E E K S . A F T E R T H I S C U R I N G P E R I O D T H E S A R A N W R A P W A S 
R E M O V E D A N D T H E S P E C I M E N S W E R E P L A C E D O U T - O F - D O O R S A N D S U B J E C T E D T O 
A T M O S P H E R I C C O N D I T I O N S . T H E T E M P E R A T U R E S R A N G E D F R O M 7 0 T O 9 5 D E G , F . 
A N D T H E R A I N F A L L D U R I N G T H E S E T E S T I N G M O N T H S O F J U N E A N D J U L Y W A S A B O U T 
2 I N C H E S A B O V E T H E N O R M A L 4 . 2 5 I N C H E S F O R T H E A T L A N T A A R E A . 
T E S T N U M B E R I I 
T O F I N D T H E R E L A T I O N S H I P O F T E M P E R A T U R E D I F F E R E N T I A L T O C R A C K I N G 
T H E F O L L O W I N G T E S T P R O C E D U R E W A S U S E D : 
1 . F O R E A C H O F T H E F O U R S O I L S , D U P L I C A T E S P E C I M E N S W E R E C O M P A C T E D 
A T O P T I M U M M O I S T U R E C O N T E N T A N D 3 P E R C E N T A B O V E O P T I M U M M O I S T U R E C O N T E N T 
F O R E A C H O F T H E F O U R C E M E N T C O N T E N T S , 0 , 3 , 8 A N D 2 2 P E R C E N T . 
2 . T H E S P E C I M E N S W E R E T R I M M E D A N D R E M O V E D F R O M T H E M O L D . O N E O F 
E A C H D U P L I C A T E S P E C I M E N W A S W R A P P E D W I T H S A R A N W R A P W H I L E T H E O T H E R W A S 
L E F T U N W R A P P E D . 
3 . T H E S P E C I M E N S W E R E T H E N I M M E D I A T E L Y P L A C E D I N T H E T E M P E R A T U R E 
D I F F E R E N T I A L A P P A R A T U S , A N D S U B J E C T E D T O T E M P E R A T U R E D I F F E R E N T I A L O F 7 0 
D E G . F. F R O M T H E T O P T O T H E B O T T O M O F T H E S P E C I M E N S . 
4 . A F T E R A P E R I O D O F 2 4 H O U R S , T H E S P E C I M E N S W E R E R E M O V E D F R O M 
T H E T E M P E R A T U R E D I F F E R E N T I A L A P P A R A T U S A N D P H O T O G R A P H S W E R E M A D E O F T H E 
S P E C I M E N S . 
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P r e p a r a t i o n 
1. The amount o f s o i l needed was c a l c u l a t e d from mo i s tu r e d e n s i t y 
d a t a , removed from s t o r a g e b a r r e l s , and p l a c e d in the mixing b o w l . The 
s o i l was then mixed u n t i l homogeneous . 
2 . The h y g r o s c o p i c mo i s tu r e c o n t e n t o f the s o i l was e s t ima ted by 
the use o f a " s p e e d y " moi s tu re t e s t e r manufactured by the Alpha Lux 
Company, I n c . At t h i s t ime a m o i s t u r e sample o f the s o i l was p l a c e d in 
a 10 o z . can , d r i e d in an oven a t 230 d e g . F. f o r 24 hours and the a c t u a l 
wa te r c o n t e n t de t e rmined . I f the a c tua l h y g r o s c o p i c moi s tu re c o n t e n t 
was more than * 1.0 per c e n t d i f f e r e n t from the " speedy" r e a d i n g , the 
specimen.was d i s c a r d e d and a new one made. 
3 . The r e q u i r e d amount o f cement was then weighed t o the n e a r e s t 
0 .01 pound, and mixed w i t h the s o i l u n t i l homegeneous . The amount o f 
cement used was c a l c u l a t e d as a per c e n t o f the we igh t o f dry s o i l . For 
example , i f the we igh t o f the d ry s o i l was 50 l b s . and f i v e per c e n t c o n ­
t e n t was d e s i r e d , 2 . 5 0 l b s , o f cement would be added . 
4 . The amount o f water t o be added was weighed t o the n e a r e s t 
0 .01 pound and s l o w l y added w h i l e mixing t o the s o i l - c e m e n t m i x t u r e . The 
amount o f water used was c a l c u l a t e d as a per c e n t o f the t o t a l dry w e i g h t 
o f the s o i l and cement . For example , I f the we igh t o f the dry s o i l was 
50 l b s . , the w e i g h t o f the cement was 2 . 5 0 l b s . , and the d e s i r e d water 
c o n t e n t was 10 pe r c e n t then 5 .25 l b s . o f water would be n e e d e d . 
5 . The c o n t e n t s o f the bowl was then mixed by the Read Standard 
Grant mixer f o r a p e r i o d o f 45 s e c o n d s . The b l a d e and s i d e s o f the bowl 
were sc raped and the c o n t e n t s mixed f o r ano ther 45 s e c o n d s . 
35 
Compaction 
1. The amount o f the s o i l - c e m e n t mixture needed f o r a t w o - i n c h 
l a y e r was c a l c u l a t e d and p l a c e d in the mold . The s o i l was compacted 
by a l l o w i n g an 11-pound r e c t a n g u l a r hammer t o be dropped 123 t imes from 
a h e i g h t o f 12 i n c h e s above the s u r f a c e o f the s o i l (See F i g . 2 f o r 
d e t a i l s o f the compac t ion e q u i p m e n t ) . This p rocedu re was r epea ted f o r 
each o f the t h r ee l a y e r s , but a l l o w a n c e was made f o r enough e x c e s s on 
the t o p l a y e r t o be sc raped o f f l e v e l wi th the t o p o f the m o l d . During 
compac t ion the mold was moved h o r i z o n t a l l y t o insure tha t the number o f 
b lows would be e v e n l y d i s t r i b u t e d th roughout the e n t i r e area o f each 
l a y e r . Th is a l s o p reven ted I r r e g u l a r i t i e s in l a y e r t h i c k n e s s . 
2 . The compacted specimen was removed from the mo ld , p l a c e d on a 
3 /4 i n . x 20 i n . x 9 i n . plywood board and weighed t o the n e a r e s t 0 .1 
pound. To s imula t e f i e l d - c u r i n g , the specimen was c o m p l e t e l y s e a l e d by 
wrapping i t w i t h t r anspa ren t saran wrap . The specimens were p l a c e d in 
s t o r a g e b i n s I n s i d e the l a b o r a t o r y f o r p e r i o d i c a l o b s e r v a t i o n . These 
s t o r a g e b i n s are s h o w n i n F i g . 1 8 . 
Figure 18. Storage Bins. 
CHAPTER V 
EVALUATION OF TEST RESULTS 
The results obtained from Test No. I, which was conducted to find 
a relationship of clay, moisture, and cement content to cracking, were 
both numerous and conclusive. During a five-week curing period with ob­
servations being made periodically, no evidence of cracking was detected 
in the specimens. It was concluded therefore, that the internal action 
of Type I Portland cement does not by itself cause cracking. Pictures 
made of these specimens immediately after the curing material was removed 
are shown in Figs. 19 - 21. 
From the periodical observations, it was found that with increasing 
cement contents more moisture appeared to be retained within the specimen. 
The low cement content specimens (0-3 per cent) showed large amounts of 
moisture collected on the inside of the curing material. These f i n d i n g s 
were similar for all four soils used in this test. Actual moisture 
measurements were not made because specimens were to be used in other 
phases of the test. 
After removal of the curing jackets, all of the specimens for the 
four different type soils with low cement contents and moisture content 
3 per cent above optimum, cracked within 24 hours. 
Observations made of the specimens while being exposed to weather­
ing showed that varying the moisture content 3 per cent above or 3 per 
cent below could result in detrimental effects to the durability of the 
specimens. Soils B and C, with high cement contents, showed good 
Figure 19. Soil B Specimens, with 0, 1, 2 and 3 Per Cent Cement at 3 Per 
Cent Below Optimum Moisture, After 5-Week Curing Period. 
GJ 
CO 
Figure 20. Soil B Specimens, with 11, 14, 18 and 22 Per Cent Cement at 3 Per Cent 




durability and were unaffected by heavy rains if they were compacted at 
3 per cent above optimum moisture content but were very badly pitted if 
they were compacted 3 per cent below optimum moisture content. For the 
low cement contents the reverse was true, but it was not nearly as notice­
able. The more friable soils, Soils A and D, showed this same relation­
ship but in a much smaller degree. Pictures of these samples are shown 
in Figs. 22 - 24. 
This same relationship was found from research on permissible 
moisture content variation from optimum conducted during the year 1938. 
The most important point shown by this early research is the following 
1 3 
conclusion taken from the report. 
The optimum moisture content (point at which maximum density 
is obtained) as shown by the standard moisture density test 
is reasonably in agreement with the optimum moisture contents 
at which maximum durability and maximum strength are obtained. 
For sand soil-cement mixtures, moisture contents, at the 
optimum (for maximum density) are ideal for best all-around 
durability and strength; but for silt soils and clay soils 
the moisture content for best all-around durability and 
strength is slightly wetter than the optimum quantity. 
Graphs plotted from values given in Tables 5 - 1 0 are shown In 
Figs. 25 - 28. These graphs show the dry density remaining almost con­
stant for each soil with an increasing cement content when compacted 3 
per cent above optimum moisture content. When the soils were compacted 
3 per cent below optimum moisture content, each soil except C showed a 
decrease in dry density with increasing cement content and then a slight 
increase in dry density with further increasing in cement content. Soil 
C, due to its light weight characteristics, was very sensitive to chan­
ging cement contents thereby resulting in \xdely varied dry densities. 





Table 5. Test No. 1 Specimen Data (Soil A) 
Specimen 
No. 






OAB 0 7.6 7.6 128.7 119.6 
OAA 0 13.6 13.1 136.3 120,5 
1AB 1 7.6 7.6 122,7 114.0 
1AA 1 13.6 13.6 134.9 118.8 
2AB 2 7.6 8.0 115.3 106.8 
2AA 13.6 13.5 134.4 118.4 
SAB a 7.6 7.6 114.9 106.8 
5AA 5 13.6 13.9 134.2 117.8 
8AB CO 7.6 7.6 106,5 99.6 
8AA CD
 
13.6 13.5 136,5 120.3 
11AB : l 7.6 7.7 112,6 104.5 
11AA Li 13.6 13.1 127.9 113.1 
14AB 14 7.6 7.3 106.4 99.2 
14AA L4 13,6 13.7 133.9 117.8 
18AB 18 7.6 7.1 106.0 99.0 
18AA 18 13.6 13.1 137.0 121.1 
22AB 22 7.6 7.4 104.8 97.6 
22AA 22 13.6 12.7 134.1 119.0 
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Table 6. Test No. 1 Specimen Data (Soil B) 
Specimen 
No. 






OBB 0 8,4 8.1 126.0 116.6 
OB A 0 14.4 14.1 137,0 120.1 
IBB 1 8.4 8.3 125.0 115,4 
1BA , 14.4 14.1 137.7 120,7 
2BB 2 8.4 8.0 125.1 115.8 
2BA 2 14.4 14.2 137,1 120.1 
3BB 8.4 7.7 123.0 114.2 
3BA • 14.4 13.5 137.6 121.2 
5BB 5 8.4 7.6 118.2 109.9 
DBA I 14,4 13.5 137,6 121.2 
8BB 8 8.4 7.7 122.7 113.5 
8BA CO 14.4 13.8 138.9 122.1 
11BB 8.4 8.6 128.1 118.0 
11BA 14.4 14.4 138.3 120.9 
14BB 8.4 7.9 122.8 113.8 
14BA [A 14.4 14.5 138.4 120,9 
18BB CO 8.4 8.8 126.7 116.5 
18BA : ; 14.4 14.8 138.0 120.2 
22BB 22 8.4 8.9 127,4 117.0 
22BA 22 14.4 14.8 136.8 119.2 
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Table 7. Test No. 1 Specimen Data (Soil C) 
Specimen 
No. 






OCB 14.6 106.8 91.7 
OCA 24.0 118.3 95.9 
1CB 1 19 20.0 115.7 96.0 
1CA 1 25 26.0 120.0 94.8 
2CB 2 20.0 116.3 96.9 
2CA ' ) 25.2 120.2 96.0 
X B 3 19 20.0 117.1 97.6 
3CA :: 25 26.0 121.0 96.0 
5CB 5 19.7 122.0 101.9 
5CA 5 25 26.0 120.4 95.6 
8CB B 20.0 119.8 99.8 
8CA ' 25 26.0 121.2 96.2 
11CB 11 / 19.5 113.6 95.1 
11CA 11 25 26.0 121.0 96.0 
14CB 14 19 19.8 115.8 96.7 
14CA . 25 26.0 120.8 95.9 
18CB 18 :. 19.1 117.2 98.4 
18CA 18 25 26.0 120.5 95.2 
22CB 22 19 19.9 113.6 94.7 
22CA 22 25 25.4 122.5 97.7 
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Table 8. Test No. 1 Specimen Data (Soil D) 
Specimen 
No. 






ODB 6.5 7.1 130.4 121.8 
ODA 0 12.5 12.7 136.5 121.1 
106 1 6.5 7.1 128.1 119.6 
IDA 1 12.5 12.7 136.5 121.1 
2DB 2 6.5 7,0 126.3 118.0 
2 DA 2 12.5 12.4 137.0 121.9 
3DB 3 6.5 6.9 125.6 117.5 
3DA 3 12.5 12.9 136.5 120.9 
5DB 5 6.5 7.1 125.0 116,7 
5 DA 5 12.5 12.3 136.9 121.9 
8DB 8 6.5 7.2 122.3 114.1 
8 DA 8 12.5 12.9 138.1 122.3 
11DB 11 6.5 6.8 121.5 113.8 
11DA 11 12.5 12.5 138.2 122,8 
14DB 14 6.5 6.5 123.1 115,6 
14DA 14 12.5 13.2 137.6 121,6 
18DB 18 6.5 6.8 121.5 113.8 
18DA 18 12.5 13.4 136.5 120,4 
22DB 22 6.5 6.7 124.3 116.5 
22DA 22 12.5 13.5 138.4 121.8 
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Table 9. Test No. 2 Specimen Data (Soils A & B) 
Specimen 
No. 




OA 0 10.6 11.7 131.4 117.6 
OA 0 10.6 11.4 130.8 117.4 
3A 3 10.6 11.1 131.3 118.2 
3A 3 10.6 10.1 124.8 113.4 
8A 8 10.6 10.3 126.6 114.8 
; / 8 10.6 9.8 118.3 107.7 
BA 8 13.6 13.1 134.1 118.6 
8A . 8 13.6 12.7 132.1 117.2 
OB 0 11.4 11.4 136.5 122.5 
OB 0 11.4 11.4 138.7 124.5 
OB 0 14.4 14.4 136.0 118.9 
OB 0 14.4 14.4 134.5 117.6 
3B 3 11.4 11.5 135.7 121.9 
3B 3 11.4 11.7 136.7 122.4 
8B 8 11.4 11.5 138.1 123.9 
BB 8 11.4 11.5 131.7 118.1 
8B 8 14.4 14.4 137.5 120.2 
8B 8 14.4 14.8 138.5 120.6 
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T a b l e 10. T e s t N o . 2 S p e c i m e n Data ( S o i l s A , B , C & D) 
S p e c i m e n 
N o . 
% Cement W a t e r 
D e s i r e d 
C o n t e n t 
A c t u a l 
D e n s i t y 
Wet D r y 
OC 0 22 22 .9 119.6 9 7 . 3 
OC 0 22 22 .6 121 .5 99.1 
OC 0 25 25 .8 116.7 92 .8 
X 3 25 25 .4 120 .5 96.1 
8C 8 22 2 2 . 3 121 .7 9 9 . 5 
BC i 25 25 .2 121.9 9 7 . 4 
C 3 25 25 .5 120.4 9 5 . 9 
OC 0 25 26 .0 119.0 9 4 . 4 
OD 0 9 . 5 10.1 138 .9 126 .2 
OD c 12 .5 13 .2 135.6 119.8 
3D 3 9 . 5 10 .3 136.8 124 .0 
3D 3 12 .5 13 .5 137.0 120,7 
BD S 12 .5 12 .9 137.4 121,7 
8D 8 9 . 5 9 .9 134.3 122.2 
22C 22 2 5 . 9 122 .2 97,1 
22A 22 13 .6 13 .9 136.1 119 .5 
22B 22 14 .4 14 .7 134.9 117,6 
22D 22 12 .5 12.8 139,0 123 .2 
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F i g u r e 28. V a r i a n c e o f Maximum Dry D e n s i t i e s f o r S o i l C . 
moisture contents with different cement contents. 
Test No. I I , which was conducted to find a relationship of temper­
ature differential to cracking, produced many rewarding results. One of 
the most outstanding of these was that the cracking occurred in specimens 
which were cured with a 100 per cent moisture retention, i.e., wrapped 
with a saran wrap curing jacket. There was less cracking observed in 
the specimens compacted at optimum moisture content. It was also obser­
ved that soils with the higher clay content developed the most cracking. 
After removing the cured specimens from the temperature differential 
apparatus, it was found that in all cases when moisture determination 
was made, the moisture content had decreased in the top about 4 per cent 
and increased at the bottom by about the same amount. The moisture deter­
minations were made on specimens with zero per cent cement because of the 
problem of finding the moisture content of a soil-cement mixture after 
hydration has occurred. The remaining specimens displayed almost iden­
tical visual characteristics. This moisture displacement was attributed 
to the physical characteristics of water, thermal osmosis, which causes 
migration of the moisture to colder regions. In most cases where two 
identical specimens (except for curing) were subjected to the same tem­
perature differential the poorly cured specimen developed more accelerated 
and serious cracking. 
Soil A developed no cracks for the different cement content, cured 
or not cured, when the specimens were compacted at optimum moisture con­
tent. A few cracks did appear in the cured specimen compacted with 8 per 
cent cement and 3 per cent above optimum moisture content. The identical 
poorly cured specimen to the above developed no cracks. The cause of the 
56 
cracks in the cured specimen was attributed to thermal osmosis where the 
water is migrating from the top of the specimen, where the higher temper­
ature existed, causing shrinkage to occur. This development is shown in 
Fig. 29. 
Soil B, compacted at optimum moisture content with 0 per cent ce­
ment content, and cured, developed no cracks. The twin to this specimen 
which was poorly cured showed large cracks across the top. The same 
results were observed when the cement content was held constant and the 
moisture content increased 3 per cent. These results are shown in Fig. 
30. Using a 3 per cent cement content and the moisture content at opti­
mum, the compacted specimen cured showed no cracks while the poorly cured 
specimen showed one very small crack across the top. Increasing the 
cement to 8 per cent and keeping the moisture content at optimum, the 
cured specimen developed one crack across the top, perpendicular to the 
length and about two inches deep, while the poorly cured specimen did not 
crack. Holding the cement content constant at 8 per cent and increasing 
the MOISTURE to 3 per cent ABOVE OPTIMUM, BOTH of THE COMPACTED SPECIMENS, 
cured and poorly cured, developed numerous cracks. Also, both specimens 
developed one crack about two inches deep across the top at mid-point, 
A picture of these specimens is shown in Fig, 31. 
No cracks developed in Soil C for the varied cement contents when 
compared at optimum moisture content. Cracks did appear, however, in 
every case for the 0, 3 and 8 per cent cement contents, when compacted 3 
per cent above optimum moisture content. These specimens are shown in 
Fig. 31. 
The only cracks that developed while using Soil D were the speci-
Figure 29. Soil A with 8 Per Cent at 3 Per Cent Above Optimum Moisture Content Cured and at 
Optimum Moisture Content Uncured; Soil D with 8 Per Cent Cement at Optimum Mois­
ture Content Uncured; Soil C with 0 Per Cent Cement at 3 Per Cent Above Optimum 
Moisture Content Uncured, Being Subjected to a 70 Deg. F. Temperature Differential 
for 24 Hours. <J> 
F i g u r e 3 0 . S o i l B S p e c i m e n w i t h 0 P e r C e n t Cement a t 3 P e r C e n t A b o v e Opt imum M o i s t u r e 
C o n t e n t C u r e d and U n c u r e d , and a t Opt imum M o i s t u r e C o n t e n t C u r e d and U n c u r e d , 
B e i n g S u b j e c t e d t o a 70 D e p . F . T e m p e r a t u r e D i f f e r e n t i a l f o r 24 H o u r s . 
CO 
F i g u r e 3 1 . S o i l B S p e c i m e n w i t h 8 P e r C e n t Cement a t 3 P e r C e n t A b o v e Opt imum M o i s t u r e 
C o n t e n t C u r e d and U n c u r e d ; S o i l C S p e c i m e n s w i t h 3 and 8 P e r C e n t Cement a t 
3 P e r C e n t A b o v e Opt imum M o i s t u r e C o n t e n t U n c u r e d , S u b j e c t e d t o a 70 D e g . F . 
T e m p e r a t u r e D i f f e r e n t i a l f o r 24 H o u r s . 
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MENS COMPACTED AT 0 AND 3 PER CENT CEMENT WITH A MOISTURE CONTENT OF 3 
PER CENT ABOVE OPTIMUM. THE SPECIMEN WITH 3 PER CENT CEMENT DEVELOPED 
TWO CRACKS ACROSS THE TOP ABOUT TWO INCHES DEEP AT THE MID-POINT. THESE 
SPECIMENS ARE SHOWN IN FIG. 32. 
FIG. 33 SHOWS ALL FOUR DIFFERENT SOILS COMPACTED AT 3 PER CENT 
ABOVE OPTIMUM MOISTURE CONTENT, AND 22 PER CENT CEMENT. THESE SPECIMENS 
DEVELOPED NO CRACKS. 
Figure 32. Soil D Specimens with 0 and 3 Per Cent Cement at 3 Per Cent Above 
and Below Optimum Moisture Content, Uncured, Subjected to a 70 





CONCLUSIONS AND R E C O M M E N D A T I O N S 
From an evaluation of the test results, as given in Chapter V, 
the following conclusions are made: 
1. Cracking that occurs in various types of soil-cement mixtures 
cannot be attributed entirely to the Type I Portland cement content ex­
isting in the respective mixtures. 
2. The temperature differential existing in placed soil-cement 
bases i.e., the top surface at 140 deg. F. and the bottom surface at 70 
deg. F., will in almost all cases cause a decreasing of the moisture 
content at the base courses upper surface even though 100 per cent mois­
ture retention is accomplished. This temperature differential also causes 
an increase in the moisture content at the bottom layer, 
3. The effect of varying the moisture content 3 per cent above 
or below optimum moisture for maximum density results in different de­
grees of detrimental effects for different soils and their respective 
cement content, e.g., there exists a most favorable moisture content, 
which may or may not be equal for each different cement content used in 
a soil-cement mixture that will result in a minimum of cracking. 
4. Early cracking that occurs in soil-cement mixtures can be at­
tributed solely to the movement of the moisture in those mixtures. This 
movement is caused by evaporation and/or migration. Evaporation is the 
loss of water from the mixture to the atmosphere and is directly related 
to curing effectiveness. Migration is the movement of water In soils 
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p o s s e s s i n g a h igh a f f i n i t y f o r water and the movement o f wate r t o c o o l e r 
r e g i o n s . These movements are d i r e c t l y r e l a t e d t o c a p i l l a r y a t t r a c t i o n 
and tempera ture d i f f e r e n t i a l , r e s p e c t i v e l y . I t i s recommended tha t 
1. Any agency working wi th s o i l - c e m e n t d e v e l o p and use a method 
s i m i l a r t o Tes t No. I I , 70 d e g . F, temperature d i f f e r e n t i a l dur ing the 
e a r l y c u r i n g p e r i o d , t ha t w i l l enab le o b t a i n i n g o f the most d e s i r a b l e 
m o i s t u r e c o n t e n t f o r minimum c r a c k i n g f o r a p rede te rmined s p e c i f i e d s o i l -
cement r a t i o . A l s o , from tha t method can be de termined the maximim a l ­
l o w a b l e d e v i a t i o n from the optimum tha t w i l l no t r e s u l t in d e t r i m e n t a l 
e f f e c t s w i th r e s p e c t t o d u r a b i l i t y and c r a c k i n g . 
2 . An e x t e n s i v e s tudy t o be made on numerous s o i l s w i th v a r i e d 
c l a y and s i l t c o n t e n t s in o r d e r t o p r o v i d e a more c o n c r e t e r e l a t i o n s h i p 
between t h e s e s i l t and c l a y c o n t e n t s and c r a c k i n g . 
3 . Research be performed on d e v e l o p i n g a c u r i n g compound tha t 
would d e c r e a s e the e x i s t i n g tempera ture d i f f e r e n t i a l dur ing the e a r l y 
c u r i n g p e r i o d . 
> 
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